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[JBLSH] 

[-8.9=] 

-g-^-g- TiN M # i^*H= TiN ^ «B^ZL ^ ZL ^ « c V^ofl ^ 

*H 7flAl^. ^ofl 4= -SH» #B^b ^ JE^ofl ^>b 7}X]2, <y 

# -g-^^: TiN €^3.5^, ^-71 TiN #e^^ ^ ^ #7l TiN 

«- i^*}^ #7) TiN #eiZLofl ^fl^, «g-^ -g-^-i- 7Mb TiN sKIM^, A oM 
TiN l-Sl^L^ tiVcfl^^A^ TiN bMM^J- <&5l, <$7] TiN &(-o]ui^ #7] £<&*t 

A M, ^"71 TiN eHM^ ^ a>°H $M£)b Ti -2.^^* S^W-. 

^"71 ^E^l- <§^*>7l aVE*fl 7l^MHI ^Bj-g- #7] 

<3K£*H 7}^S] ^ ^#AMb ^t-* *M*Rr ^"S^ JflU* 

71 ^ofl -g-^* 7Mlb TiN aHM* ^*M-. s&7) ^^0} ^ 

*l-£-§r A cM TiN B^-ojui ^o]] o]^. -g-^^- 7Mb TiN <8^W. 

£ 1 

TiN, -g-3, <a-^ -§-^, ^ 
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«V£^ rdi*}^ ^U] n ^ ^{Contact plug of semiconductor device 

and method of forming the same} 

£ l£r ^ ^aHIHI 4^ #siZL# ^JE^tf. 

£ 3a £ 3e^ H ^*HH ^ «^ZL ^ #^-g- 

£ 4a £ 4d^ ^HH €-^3 ^ ^ 

10, 50: 12, 40: «>:E*ll 71^-, 14, 54: Ti 16, 56: TiN 2}°] 

18, 58: TiN 18b: 18s: ^ , 18t : 22: a)<gsj-, 32: h]]^ 

%, 80: TjsflAlEl, 82: S]~*f 100, 200: *KE*ll 7l^, 102, 202: c g^, 110: 

x£<£i$ sflifi, 120, 220: .2.^, 122,. 222: TiN 124, 224: TiN^-, 124a, 224 a : 

TiN #Bi^L, 130, 230: ^ 210: ^1 sfl^l, 210a: ^]2 sfle}, 

210b: ^s}-^ 42 *A<£^ sflU, 210t: ^ . 
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<8> aVEafl ^7>7> ZL^ 3 ^ °]} *}S.M) cff^ yfl^ ^-§- o^*}. ^.Efl s. 

o> ^7-^ ^-4^ oi-g-*v ^ ^£.5.^ ^31(w) 

Ti/TiN^M: ^^Rr ^3 .2-^4. ZLZ]yJ\-, ^i* CD(critical 

dimension)7> 145}-, seh ^^^7] Ti/TiN/W^ 37"M %- 

* ^*H°> §>i H °]^% °fl*l*J](etch back)*fl<>> §}tt 7fl 

^*Rr , wfl^l^ 1P<^ 3tb £^ ^ -^*cH ^4 ^f^l ^"71 W 

ZL7> ^o)l^o)l ^-71 W #eiZL^ 3^ ^«-7> $M *H 3 TT -g-a|| 

^iL7> 9X^. 
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<10> CE&V, H> £ ^ v\)S_?) ±7} 9] ^3flA]E-1 #^M: *}^} 7)&2) ^ ^ ^ JJf ^ 

713 -2-3. ^^^17)71 aflEliEL ^(buried contact)^- ^*Hr t^^t ^ 

3H1 MIM(metal-insulator-metal) ^sfl^E^l- sfl-g-SVfe ^ #s]ZL# 

cf. oi o.^^ tg^ofl ^ji^ §1-71) sUS €3^* ^<5> 

^ #sl^el# 0 l ^ #ei^^l #^-°fl -¥--£31^ Si0 2 7> $>S3fe ^-^l7> 

oicf. al-aH, b^jel ^ei* ^*>7l fl* ^HsM3* 7H^ ;fl^l 

<n> 7^-0. «fl^^ 7l a^e^lfe TiCl 4 ^ NH 3 ^tMI* 

CVD ^€ TiN^- (°l*h 'CVD-TiN^-'olel- f-)o_5. S^n* 

^ ^I^a^. CVD-TiN^-^: ^ 71 al 21^1 (step coverage)7> -f^^H 

til (aspect ratio)7> e ^ #^3.1- tg^sRr -B-sl *»fl 3-§-€ *r $1^ °13 

°1 ZLSiq-, CVD-TiN^ ^ -§-^# 7}x]5L 50 nm °1#£) ^ 

afr^ ^7) CVD-TiN^- ^ ^ ^>qel- zl ^&Q<£^*\]77\x] £L?»(crackH $z>}7\] 

^-^51^ ^-^17} ^4. ^S] #einl- CVD-TiN^S ^*I*1 *fl^-7l <§^*>ji 
*r ^ CD^l 1/2 ©1^ TiN-=r ^SH°> 200 

nm^l CD* 7>*lfe TiN #^ZLl- ^^§>7l TiN-ir 100 nm ^M|S ##*H 

o> ZL^M-, CVDzTiM gl ^^l 7r 50 nm °]<#o) gjM ^Mg^M nfl^-ofl 

M #ein^ CD7> 100 nm °1 A 0 V< ?1 ^-f ofl^ ^ ^ ^ cfl CVD-TiN^-* 3 
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<12> s.^*. ^. 7l ^. ^efl 7]#o)1a^ £-*H3#* *M*K2*> *}*= %SLsL, 

^*}3Lx\ SRr ^ #ei^L^ CD H.7H1 #31 TiNilS. °l-¥-<^ig^ h^o] ^ 

€ ^3^7> 7}x]& *}5L*fl ^>o] ^.Bfl afl^Hr 

<13> «V^o^ 45. ja.^ TiN O.S. ol^^^^ ^gj 1-E^# n $X°]*], 

TiN ^ # ^«°11^£ ^^°] ^Jsj^ 3* ^ SUfe # 

<14> ^71 ^*>7l ^ofl #2E*I| ^ #S^ir 

£##4 ^ 51*1^§- ^71^^.5. ^^A]7l7] o]S. a}o)o\) 7 fl^=J ^ 

-f-^H ^"71 ^EH ^-71 ^ £^#o11 ^*Rr 91% 

-§-^ (tensile stress)* TiN #ei^.<4, <#7] TiN t^as] ^ ^ *HS4H # 

7l TiN f-ei^L* i^^l-H^- TiN ^sfl&JL, -§-^ (compressive 

stress)* 7>^1^ TiN <4, #7l TiN ^tfl^MH <#7] TiN ef°lM^ ^*fl 

$XJL, TiN eH^^r 4 v 7l ^<£^ *H>1, ^ TiN ^l^^r # 7 1 £}j=l 

A>olofl Ti -2-^i#* 5£^-trCf. 

<15> ^7} TiN -H-alZL-b CVD( chemical vapor deposition), ALD(atomic layer 

deposition), M0CVD(metal organic CVD), M0ALD(metal organic ALD) H o v ^-^-S. 

^TiN^a-ol--^-c>|-^-^-oi-e|--: _ 



<16> ^7} TiN ej-c>m^ IPVD( ionized physical vapor deposition), M0CVD, M0ALD, ^ 
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31^, 2b ^sl^H^I ^^Ei^ (collimator sputtering) «o Vl 3^-S. TiN^.5. 

<17> H >^-Zj«1-7flfe, ^7} TiN HMMb W]^^ ^ ^S-l- 7>^lCf. ^o) U] ^ ^ 

^ ^2:1- 7Mb A J-7l TiN ^^sr>7] 31 *}°1 IPVD U-^-g- °l-g-SM TiN^-g: 

<is> a o > 7 ] TiN l-ej^-b #7] TiN sWujofl ^ oi^ -%7\ TiN 1-eln 

<19> ^71 ^ W, Al, Pt, Ru, Ir ^ TiN, TaN, WN ^ ^ 

^sfl-, £r Ru0 2 , Ir0 2 3^ ^ ^S^S ^^Mb 2 b °lt9] 

^-i- ?lb *MsRr sflU^- ^^W. ^ em l-o^ iflta-g- 

^"71 ^#^H1 ^.Bi#(ohmic layer)-§- ^^tb^f. ^ v 7l 

*H -S-^* 7Mb TiN 5f°Hl- ^^tr4. ^7l ^l-o] Sfl^S-ij. Aj. 

71 TiN Bl-^IH 3H1 -S-^# 7Mb TiN ^^tr^f. 

<2i> a o > 7 ) 3.12}^°- PECVD(plasma enhanced CVD), -f-eHHEi , IPVD, 5Eb PVD 



<22> av 7 ] TiN *ei^z.l- ^*rb ^HHb ^*-8: ^#^1 ^-fS-^ TiN 
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Sj-om <flofl o)# -§-^-g- 7}7]^ TiN^"* n 4s ;g<£^ 2fl^ol 

# 7 ] TiN^-o] ^-4## ^^tbcf. 

<23> # 7 ) €-^*^r #7l e^^H A o V 7] 51*1 ^ ^ o) ^#5^ #7l ^ 

#7l ^^*ofl^ # 7 1 £ ^ cg^o] ^#5]^ 7.-1^ asijio] <y^cq 

^} *\ €• 7V^1£^- ^ &i=K ojl- iflSH, #71 ^<3^ 

*IHfe ^ #71 ^-g- ^#Al7]£^- #71 ^°§^# AlZ]-^ *fll ^ 

7}*\Sr *fll tWHz: *fll €<2^ sflU* W. ^ ^, #7l *f|l ^<S^ 

sfl^ #7l Tfll <g^- e«o V ^ a oM3 A o V 7l Till ^4 €" *fl2 #^1 

<24> M. g-igofl 0\-5}l£, ^Jfc^^. ^BH l-elzL# ^^*}7) -g-*j 

# 7}*l^r #7l TiN Hl-^lMl- D]sl ^ ^^2l^l7> ^ #^5. 

<£i# -g-^-i: 7}x]^ TiN t£lat ^ ^ sfjELS , ^hm s-e^zL ^^§- ^sItt TiN 

<25> Cf^-o)!, ^-tg^ <a] ^AHH tfl*>o} t^^oj #Afl*| ^^^Cf. 

U4]7> cf-g-ofl #^*Rr ^^HHl tM^^r ^-8: <>mtK ^AHl^ # <$XM 

^ 4#El^^l 3HtK ^tt, eV^l ^ 7l^Sl '^-cfl ^Cf5l-JI 7l7fl5} ^ 

4-, #71 ovol #71 ^ ^^1 ^rS. 913- , ZL A>oHl cfs. 

27-9 



1020010002639 2001/3/2 
< 27 > s. i^- igx£si\ U ^HHl <4€- a Jr£^l 4i^>^ ^e^|zi(l0)# JE^l^r ^ 

<28> £. 1^ <y ^Al^ofl 4^. ^HH ^^ZL(IO)^ 4^ BflAj ^-s 

* SiS-^ ^£^1 71^(12)^ ^^(5L^1 a^)^ ^JjLo] =.4* afl ^ 

(32), ^11- W wfl^ SE^r Al #7)*\SL3. 7] #7} 

^71 ^ afl^d#(32) A>olofl 7fl^^l ^^^(22)-a: ^-f-^ I^^H 5&i=t. 
<29> # 7 ] #^zl(10)^ <£]# -5-^ (tensile stress)* 7}^ TiN l-eizz.(18)2f, 

-^(compressive stress)* 7>x]^ TiN 2KI M (16)« SW^- 9X^. #7l TiN Sr 
°H(16)2r ^-71 ^<?l^-(22) *}o), ^ ^-71 TiN H^-o]u-](i6)fi1- ^-7} aV£^l 71^(12)^ 
egos A}oHl^ Ti _2.^(14)ol ?$^S)o] oicf. 
<30> ^7} TiN #eizL(l8)^] ^(18t)^r #7l ^ VJ r «fl^i#(32)ofl ^sfl #7l TiN 

#e^zi(18)^ #^(18s) ^ 7-m(i8b)£- W TiN eKN(16)Sr ^fl 014. ^, #7l 
TiN 5iMM(16)^- #7] TiN 1-&|zl(18)^ ^(18s) ^ 7^(l8b)* i^*>^ 7> 
*lJl <&t±. # 7 ] TiN #eizL(l8)fe #^(18t)£l ^4 7^(i8b)sl tflsf ^.o^ 

3.7}% 7}?)^ ^€ 9X3- , #71 #^(18t)^ #71 *m(18b)^ #^-4 3 

37)1 Sli^- ^£ ojrf. oHl ^IsHr #71 Ti J2.^(14)£- #7l 

TiN #e.iZL(18)£l «>cfl#«llAi #7l TiN z)-o}xj(i6)<% ^sfl $X^. 

<m> 1^^-^-7r-*l^-#-7l^ 

ALD(atomic layer deposition), M0CVD(metal organic CVD), iE^- MOALD(metal organic 
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ALD) »^SL3- TiN^S. ^€ *r 

<32> <y-^ -g-^-8: 7Mb TiN 3}°m(16)fe IPVD(ionized physical vapor 

deposition), MOCVD, MOALD, , £Eb -I-eHH^ ^ ^ (col 1 imator 

sputtering) HJ-^^-S. TiN^S. nMd^g ^ 

<33> ^-71 TiN er°lM(16)b -g-^-i- 7Mb #7) TiN #5ln(l8)^ e oi^. -g-^-g- 
sH^cls.*) ^-71 -g-^ #&|n(10) ^ ^^^-(22) <H1 £L§3}(crack)ol 

3^ 3# U <M*M *8^€ -$M TiN 2MMU6)b ^ 

«>^*>4. ^3 ^£1 7Mb *M TiN 5f°lM(16)« ^^*>b 

c-fl Jicf wj-^^r IPVD Health MOCVD Sb MOALD « 0 v ^°ll ^M <a°Mb 

TiN^ ^-g-slb ^ 7>^ -fr^, #4* b£ ^4 ^ ^ t^ofl 

^ -§-3* 7>^ ^e. sa^ <y-# -g-^ 7M ^s. $x^. #714 ^ ^ 

^^r» 3^*1 S^^S^ -5-^ £c ^ -§-^# 7Mb TiN^o] ^ oi 

A. 

<34> £ 2b ^ 4€- ^*HH «>£^ 4i7fBl ^.bm s-e^zl(50)«- E^ltr # 

<35> £ 21- fisf'S , cf^- ^Al^ofl 4^. sea l-&jzi(50)b «VS.^] ^12.^1 

714A1EK80)* ^*Rr ^ ^(82)-g- aVE*fl 71^(40)^-5] %^ <8 3(3^1 
^^)°fl ^7l^o.S ^^A]7l7l 3tr Hfl2j = ^3r4. #7} 7l4AlEi(80)7> MIM 

^ 351^ ^ Sb Ru0 2 , Ir0 2 ^ ^ ^rSrl-S o]=<>Mb 
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<36> #7l s.^ #eiZL(50)# ^*Hr TiN #EiZL(58), TiN 5}-o] H (56) ^ Ti .2.^ 

(54)£r S. 1* ^-2:^1-^ ^^fV TiN #eizz.(18), TiN hMM(16) ^ Ti ^.^#(14)^ ^ 

^ ^cf. #7l ^ #eizL(50)2] ^o]] tfl^ = i* %^S> 

^ ^i* #e^U0Hl ^ ^4 ^-^^Tfl <^7Hb 

<37> £ 3a vfl^j £ 3eb <U ^HH 4^- ±.*}2\ ^ ^ 

<38> £ 3a» tisl'S , 7l^-(100)^l -^^M w>£^] 

71^(100)^ <g^(l02)-S- ii#*]7lb ^«-(Hl)# tlr^Rr €( HO)* 

<39> £ 3b« ^"71 ^«}#(H1)£| ^<3# A o V 7l 

(120)* ^ 70 ~ lOOA^I ^^tb 1 ^. #7l £.n]^(120)£r PECVD(plasma enhanced 

CVD), #eH°13 i3) B]^, IPVD, SE^ PVD «o V ^°11 Ti^.3. °1^<H^ 

<40> £ 3c!- ^S*}^, ^7} .2.^(120) *H °*Hr -§-^# TiN o]u-j (122)# 

^ 200 ~ 500AS] ^MIS. ^ -g-^-i: 7>*|b #7l TiN H^lM(122)b IPVD, 

M0CVD, M0ALD, ^e^, 2b -i-&Hl 0 lEi is)E|^ TiN* f^^S^ 

9X^. SEtb, ^"71 TiN e}-°m( 122)* IPVD ^£.3. TiN* 

^H^-ttl^-^-^^ 

<«> J£ 3d* #2:^, <#7] TiN eWM(122)7> ^€ ^^#^°fl -§-^-g- 7Mb 
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TiN*Kl24)-§- #7] ^^#(Hl)ol ^5L2) ^tH}. 91% -§-^* 

7}*}^ #7] TiN^(124)£r CVD, ALD, MOCVD, SL^ MOALD w o v ^°fl TiN^r ^^th^- 

^ °1* ^^.S TiN^(124)£: -f^*V ^^^^11- M-El- 

^71 ^-^l-(Hl) nfl^ jp^ol -f^cf. 
<42> ^-7] TiN*Kl24)-i- CVD ALD ^^*>7l TiCl 4 ^ NH 3 

4i5f°i TiN^g- ^^Rr y o V ^^r ^ #7l TiN^(124)* MOCVD SE^ MOALD 

y o v ^-^-^ TDMATCtetrakis di-methyl amido titanium), TDEATCtetrakis 

di -ethyl amido titanium)^ ^^-^1- NH 3 H 2 ^ &*\) -*l-8-SM TiN-i: 

<43> -f-^ o.s., CVD 5E^ ALD « 0 Vl ?Hl ^^^1 TiN^ 91% ■%-%<>} ?H =L # 

^ v ^7} 50 nm c] aJ-_o_5. 3L«3M 3* -2-5. I^t} ^cf. MOCVD MOALD 

H o Vl ?Hl 3«H <£<H2l TiN^JEl ^ ^-g-Sl^r ^ 7>i -fHJ=, ^jzj. 

2£ ^ £^r» 3^*1 5lt^^ -g-^# 7H>fl € *r Sli4. TiN^ 

(124)°1 -§-^-§- 7>7.1S.s- ^^s)Si<H3E. ^7} TiN^-(124)* %^*\7] £. 3c» 

%2i^ ^ -g-^-fr 7>^m ^"71 TiN BKIM (122)1- nlEl ^Sj-ocj 

#313^-5. -g-^ol ^5]^ JL471- $i 4. Aj-71 TiN 3}°m(122)* IPVD 

Tj-fofl^ Aj-71 TiN sWM (122)7> ^ 7>x]7ll Jgt}. n} 

e} A i, u l^^ ^ ^21 7H^ Aj-7] TiN £HuiU22) ^°fl TiNS. zl 

TiN^-(124)2l *H1 ^ ^ wj-^ol >£7l TiN B}°1 (122H1 °§t|=-g- «>>H1 ^ 

4. ZL ^3}-, ^7l TiN e^olui(i22) $H -§-^ ^] 3. .#71 TiN*}(124)-§- 
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#313.05. ■%■^o] ufsM, sfr 7 ] TiN^-(124) #7] ^^(HOHH^ 

<44> ^-^-B-7]l-(metallo-organics)* *}-8-*>fe MOCVD MOALD ^ 

€ TiN^£- -§-§M 10 9 -2. tH (order) ^£5. Hljil^ *r , ^ ^*r# Of5r 
-§-3 <?R> -S-^ TiN^M: 4 s 9X^. ^71 ^«j*(Hl) 

tfl«*f| ^-71 ^.^j#(120)* ^, ^"71 TiN ^o]ui(i22) ^ TiN^-(124)^r zfzj- MOCVD 

i£^r MOALD ^-^S €*Hr ^-^ 7>^]^ TiN^ ^ 5^. 

<45> ;£ 3e# ^-S^>^, CMPCchemical mechanical polishing) *1 ^ (etchbackHl 

-^-71 ^41-* w^h, ^7i *i<a^ ^ii(iio)* ^>7i 

(Hl)3] ^-^Itt ^7] 0.^^(120), TiN H}-°"M(122) ^ TiN #&)^L(124a)S- ^^tt 
#eizL(l30)# ^W*}. 
<46> £ 3a tfl^l £ 3e# %^^<^ i^*r ^*HHH , #7l TiN 51^1^(122)1- 

71 *VM-^ o.S.Ai IPVD °l-§-W. IPVD y o Vl ?Hl ^*r°3 ^^tt TiN^ v 

€ TiN &MH» ^-fr tfl6|| ^^S, ^ ^#^1 ^ *t -f ^ 1- 

e^ZI vflofl ^.ol^( V0 i d )7> 71-^oj ojcj.. o]M. ^lsl-71 W «<HJ* tf^-oj) ^ 

<47> £ 4a £ 4d^ ^"^^ cf^- ^Alajlofl ccf^ aj-i^l ^ #a]ZL 

^-^-^-#-^7-1^^ 

<48> £ 4al- #S*>^, oVE*fl 71^(200)^-^1 Aj^§>^ 
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71^(200)^-^ £^ <3<*(202)-§- ^#^1^1^ afll #(204)# ^*]"& *fll 
3)1^(210)* ol nfl, ^]l ^(204)^1 °j^Hr #71 ^(202)°] 

< 49 > £ 4b» , €■ ^^*>7l ^-71 ^tq. nflEH 

(210)^ >8-7l <a^p- e# ^^§- -g-^ ^-71 *fll ^(Wn) J±4 e *fl2 #(W I2 ) 

^ <a^# 7>^1^ ^*(H2)-§: tH^Rr »12 ^<g^ 2}|li(210a)-§: ^ -%7] ^ 

^ RF #e}-^f>« oj-g-^- ^ £a1 ^yj- oj-g-^ ^ 7>^<E>f 

<50> s. 4c# , J£ 3b ^^1 5. 3d* ^ « c >^o.S. #7l 

^Sj^(H2)o] ^-§-^Hl ^.^1^(220), ^ -§-<3* 7}^ TiN 5}o] (222) , ^ 

91% -§-^* 7f7l^ TiN^(224)* ol ufl, -Ji f o) ^o] s ^eh^( H2 ) tfl 

^1 ^-71 ^.Bi#(220), TiN 5}<>1M(222) ^ TiNB]-(224)* *g^a>}H.3. <#7] €-^*(H2) vfl 
°fl^r ilolJEl^ ^7)- SE*h -§-^-i: 7>^1^ ^71 TiN eWui(222)# 

^^^^.JE-S., ^-71 TiN^K224) 3. o]^- -g-^ o.s. °]SfH #7l TiN^(224) £E 

^ ^71 ^12 %<&*t 35fl^(210a)<Hl>H *M8=)fe <r 

<51> £ 4(M- ^S*}^, CMP SE^r ofl^^ofl <2j*H ^^SH, ^Sj-^ 

A2 £<&^ sfl^(210b)sl ^(210t)-g- ±%*\?}JL, #71 ^#(H2)^ vfl^ofl^ ^ 

#(-2-20-)^T-rN-^l-M-(-2^ 

tK n ^ Ji°l2=.* ^a]71^1 ^ ^71 ^Ein(230)7> ^o^cf. 
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TiN^S] ^n^r 3§7>*}- ^ & 1^ <&7) ^7fl^ ^el^ 7] 

^ #3" u o Vl 3°-S. TiN^* 1000 A ^ -^1 ^, <S^^1 z}-z}-cq 
TiN^ -g-^-g. .g^^nf. 
<53> i] 



| Tim ^ iM ^ 


! (dyne/ cm 2 ) 


| 


] -1.6E10 -g-^) 




| -2.5E10 (<y-§r -8-3) 


| IPVD (SIP) 


\ -3.3E10 ca-^ -s-^) 


| IPVD (IMP) 


i -4.3E10 -g-^) 


| CVD 


| +1E10 - +3E10 (<&# -g-^) 


| ALD 


| +1E10 - +3E10 (o]<8- -§-§j) 



5. 1<HH, 'IPVD (SlP)'fe SIP(self-ionized plasma) « 0 V ^^ IPVD iHj-gr 
•IPVD (IMP)'^ IMPCionized metal plasma) IPVD U 0 V ^* ^MW. 5. 1^ 

PVD* 7] ^.o.S. *Rr ^ #eHo-|e-] y <H3, IPVD 

(SIP) ^ ^ IPVD (IMP) ^ ^€ ^ -g-^* M^Ml^ 

TiCl 4 » #^5. ^-g-*}^ CVD ^ ALD H o^AS. ^ <§^s) TiN^-g-aiMfe 10 10 
iLCi (order )^ ^ oj^ -g-sj-g. i+Ej-iflfe 3* £ *r ^cf. 

^■7] ^^-"-Ei, CVD iE^ ALD y o V ^-^S TiN^-i- 50 nm tcfl 
#7l TiN^" ^ ZL ^^s] f^^eH) ^S^tt 3.^}^ ^-71 TiN^-^] ^1^- -g-§Hl 

TiN°.S. ^*>7l ^sH TiN ^*Rr c-fl ^H^i TiN ^ofl ^ 

•g-^-ol-^-^-T4N-e^-o-l-M-#-J ^^V^-,-^-l^^_tB^lAi_^i 31 j Lg^j§^b§L^^l3] 
*r ^cf. ^1, oj-^ -g-^ 7 }x}^ TiN^- £ <y^> -§-^* 7}*)^ TiN^ ^3 
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» ^ Ti^e]*] #7fl $^*r7l ifl*H CVD J£tt ALD »^°\} Tim-ir ^ 

<56> ^] , IPVD TiN^bSr ^ 7>2] ^ ^ 0^5} zz. ^ 

^ ^-2:7> ti]^^ ^ ^» ^^cf. olsf ^-o] alp§^ ^ 7>^]^ TiN^- 

$H CVD i&^r ALD ^^-^-S. ^5]tt TiN^-c- ^ ^S^l =L 

w> 0 > 3^ TiN^8- £1^ JL2f7> ^M-cHr ^ SEMCscanning 

electron microscope) ^>^l-8: °l-§-tr ^^^i: •f-S'M ^-^^^^r. 

<57> ^- 7 1 ^AHlS-ofl^i- oj-^ 0.^0. 7>xl - TiN s^om-i- l^n_V ^ *V ^ ZL ^ ofl 

TiN ^o)^ ^ ^ o]^- -g.sj.g- 7}^ TiN^" ^-g- tiV4^ 0.3. 4^ s| 

^Hfr ^ iefl -5-^ TiN #s]zl1- -g-^# 7>^]^ TiN^ o]^- -g- 

7}^lb TiN^-o] m^\S. ^^$5.^ ^o_S.^ ^6\) af^ ^zl-I- ^^j. 

^ %5L 7^*l-cf. 

<58> ^ Tgx$6\) o]^, TiN^-S. <^^m ^ #Si^L# ^^*>7l SL°\^^ 

^17> #3- l^iljsL -§"3* 7>^1^ TiN ^^tr^r. , M 

!-fr)ZL ^^1^-9.5. -§-=H #^5^ JL471- ^cf. ^-^1, #7l TiN 
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BJ-°1M* IPVD « 0 ^AS -*7] TiN 2folM7> til^}*) ^ 7H>n 

^H, -§-^°l €■ TiN^-i- ^«H5. =L *f-v\]*\} &7\] &6\ <#7) TiN^ ^ 3- <r$\ 

^Aloflofl $3 3*) -& «V^^ 7 ]#^ AH}-*] «^ xflo)]A-l # -g-o)^ -f.^ ^ 
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1] 

*d<£^ WQm, 

#7) S^f^l ^<s}^ 7Hal, -§-^(tensile stress)* 7}*lfe 

TiN l-elnsq-, 

#7l TiN l-B^^ ^ ^^ofl^-i ^-71 TiN 1-e-IZLl- i^s->£^- #7] TiN #s1 

^«HSiol, <y-^ -g-^ (compressive stress)* 7>*1^ TiN ^HM^r, 
<#7] TiN #s]zl^ wltfl^oflAl ^y) TiN 5r°lM^r SUl, #7l TiN eMM^r 

av 7 ] ^aj^ X[6\ t 53 # 7 | TiN er°lM^f #7l ^ A}ojofl flajsq^ Ti .2.^ 

2] 

*)U"%H1 SH^i, ^7l TiN l-e^ZL^ CVD(chemical vapor deposition), ALD(atomic 
layer deposition), MOCVTXmetal organic CVD), iE^- MOALDCmetal organic ALD) w o Vl £l-2- 
£- TiN^°-5. ol^f-o^l-tr 3* ^-^^-S. ^ aVS-Sfl 4i7}2] ^EM S-E^ZL. 

3] 

aflllMI ^"71 TiN ^MM^ IPVDCionized physical vapor deposition), 

M0CVD, M0ALD, i^E^, -i-eMM^ (col 1 imator sputtering) u 0 Vl £l°-3. 

TiN^S. o]e.o]^^ ^ °- f^Jo S ^ y> £ ^ ^7^"#ej"#SfZLr 



27-19 



1020010002639 2001/3/2 
[^T 1 * 4] 

[^n 1 * 5] 

*)l4^1 $Z<>H, #7l TiN eMMfe IPVD ^ ^€ TiN^S °]^-<^l^=r 
3# ^ o.S *m a JrS^l ^>S] §3j €^ZL. 
[^t 1 * 6] 

^fll^i Sa°1-H, #7l TiN >^7l TiN e1-olH°fl ^*fl ^* 7>*]JI, 

*KE3] 4l7>^ 3.^ #EiZL. 

I^T 1 * 7] 

*drM -*7l A o VJ f ^&%-8r W, Al, Pt, Ru, Ir TiN, TaN, WN 

^ ^ Sife Ru0 2) Ir0 2 ^ ^ ^Sj-lrS o]^<^^^ 

8] 

aVE*i] ^7>^ ^Hfl s.^zl. 



[^T 1 * 9] 
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A oM lfl** #7) ^^*o] ^£ inl f(ohnlic 

layer)* ^^Rr #312}-, 

#7} $H <$^r -§-3* 7}*]^ TiN ^|i-1t ^*Rr #31^, 

^71 ^^*o] #7l TiN ef^m -§-^-8: 7>x]^ TiN 

#3^* ^*Hr #311- ^ ^-^^-s ^ *]-5i*}l ^ 
[3^*8- 10] 

^19«J-^ 91 °H, -#7) PECVDCplasma enhanced CVD), €-bH°1^ 
^E^, IPVD, S.^ PVD ^ofl Ti^-o.^. ol^o^^]^ 7$^- ^)o^ t\ 

111 

*fl9%Ml ^7l TiN e^-olui ^ T£7j]^- IPVD, MOCVD, M0ALD, ^e^, SE 

y cHH *3*Rr ^ ^7>o] 

12] 
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13] 

*1]121MI 91°]*], -*7l TiN BMM ^Tllfe IPVD ifHN *8*}fe 3^ 

[^^* c l 14] 

SU^^l, #71 TiN l-e^nS ^ # ^ #31^- 

i^-sRr ^* ^0.5. sfb #51*11 4i7>al #e^zi %q « 0 v^; 
[^T 1 * 15] 

afll^M $X°]*), ^"71 TiN^ #7fe CVD, ALD, MOCVD, M0ALD a <HHl 

16] 

^19%H1 5£°H, -8-71 ^-fr^r ^"71 ^Bfl^oflAi ^7] £ # <3*H ^2jL 
^ ^"71 ^O] O.3. ^<^*V 7W±r 3# *3 

17] 

319^1 5a«H^, ^71 -S ^7l 3.^0^ ^7} 51*1 <^«^ol ^#3^ ^Jf 

^1-^ ^ . 
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18] 

^•71 XU ^<^^ 2flBi^ ^-71 XI 1 ^ J=L «.o. «^ ^ZjSH ^"71 Xl 

1 ^Hcf ^ XI 2 ^3] <8^* 7Hb ^-71 tb^«>^ A2 %<&n sfl^d* 

5L^rRr 3* ^3 *Kr «1£X1 ^ ^ yj-ig. 
[^T 1 * 19] 

Xll8*^l 5^*1. #71 SflEd^- ^Wj-Aj ^Zj-*>fe. M2\ ^ ^ 

20] 

Xl9%M] SU^i, #7l TiN e)-o]ui ^ TiN zj-zf MOCVD Sfe MOALD « 0 Vl 3°. 

S. ^J^r sfe «V£Xl ^7>Sl ^ ^ y o V ^. 
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